We developed a simple and rapid extraction method of soluble carbohydrates from petals for analysis by high performance liquid chromatography (HPLC), using a centrifugal filter device in a test tube without homogenization. Rose 'Sonia' petals were immersed in 99.5% ethanol solution in a test tube and kept at 75°C for 20 min. Sorbitol was then added to the solution as an internal standard, and the petals were transferred to the centrifugal filter device and centrifuged at 12000 × g for 10 min. Following removal of the filtrate, 99.5% ethanol was added to the filter device and a second round of centrifugation performed. Filtrated solution obtained from both centrifugations was combined with the ethanol solution remaining in the test tube, heated to dryness at 80°C, and used for HPLC analysis. Few differences in soluble carbohydrate content were observed between the new method and a conventional method in which soluble carbohydrates are extracted by homogenization. We confirmed that most carbohydrate was extracted by the new method. Moreover, the soluble carbohydrate content of samples extracted from 'Sonia' petals using the new method did not change during one week of storage at −30°C, indicating the stability of the samples. Marked differences in soluble carbohydrate content were not observed among 'Chanel', 'New Bridal', 'Rote Rose', or 'Saturn' rose petals, carnations or Tweedia caerulea petals or Delphinium sepals, using either the new or conventional method. Marked differences in soluble carbohydrate content were also not observed among leaves and stems in carnations, Delphinium or rose 'Sonia' using either the new or conventional method. These results suggest that the new method, which does not require homogenization, appears to be a more simple and rapid method of extraction of soluble carbohydrates from various organs of floricultural plants.
Introduction
Soluble carbohydrates have an osmotic role and also provide substrates for respiration and cell wall synthesis. Since cut flowers are usually placed under conditions below the light compensation point for photosynthesis, they can assimilate little carbon by photosynthesis, and thereby lack reserve carbohydrates. Application of sugars, such as sucrose and glucose, extends the vase life of many cut flowers (Halevy and Mayak, 1979; Pun and Ichimura, 2004) . In addition, sugar promotes flower opening and petal pigmentation (Halevy and Mayak, 1979; Ichimura, 1998) .
Cut roses rarely open fully, which is attributed to the shortage of soluble carbohydrates (Ichimura et al., 2003) ; however, cut flowers of some cultivars, including 'Delilah' roses, open fully. This is attributed to a high concentration of soluble carbohydrate in the petals at the time of harvest (Ichimura et al., 2005) . In some ethylene-sensitive flowers, such as carnations and Delphinium flowers, treatment with sucrose and glucose reduces sensitivity to ethylene and delays the climacteric increase in ethylene production, thereby extending their vase life (Dilley and Carpenter, 1975; Ichimura et al., 2000) . In cut sweet pea flowers, there is a positive correlation between soluble carbohydrate concentrations in petals and vase life (Ichimura and Suto, 1999) . These findings indicate that the determination of soluble carbohydrate content is important for understanding the post-harvest physiology of cut flowers.
High performance liquid chromatography (HPLC) is often used to determine soluble carbohydrate content since it is easy to perform and yields reproducible results. To perform HPLC analysis, soluble carbohydrate must be extracted from plant tissue. Traditionally, petals are 290 immersed in hot ethanol solution and then homogenized. The homogenate is centrifuged and the resulting supernatant concentrated to remove ethanol (Doi et al., 2000; Ichimura et al., 1997; Koyama et al., 1995; Ogiwara et al., 1999) , which is laborious and timeconsuming. To extract soluble carbohydrates, cell membranes should be decomposed. Immersing plant tissue in hot water has been shown to decompose cell membranes, leading to measurable increases in electroconductivity due to electrolytes leaked from plant cells (Sasaki et al., 1996) . We supposed that a sufficient portion of soluble carbohydrate for analysis would leak from tissue by immersion in hot water or hot ethanol solution without requiring a homogenization step.
Previously, we developed a simple and rapid extraction method using a centrifugal filter device to determine soluble carbohydrate concentrations in petals (Norikoshi et al., 2006) . To perform this method, tissue was frozen in liquid nitrogen and then centrifuged. The resulting filtrate was then analyzed for soluble carbohydrate content by HPLC; however, soluble carbohydrate was not completely extracted and therefore the absolute carbohydrate content can not be determined using this method. Furthermore, the concentrations of extracted soluble carbohydrates were observed to vary over time, even when samples were maintained at low temperature. This may be due to the activity of certain enzymes, such as invertase. To inactivate unwanted enzyme activity, hot ethanol is widely used as a carbohydrate extraction medium (Ichimura et al., 1997; Koyama et al., 1995) .
In the present study, we developed a simple and rapid extraction method without homogenization to determine the soluble carbohydrate content of petals from several flowers. In the preparation of samples for HPLC analysis, some carbohydrate is inevitably lost. Thus, an internal standard was used in the present study for accurate determination of carbohydrate content.
Materials and Methods

Plant materials
Cut rose 'Chanel', 'New Bridal', 'Rote Rose', 'Saturn', and 'Sonia' flowers at normal harvest maturity were obtained from a grower in Namekata city in Ibaraki prefecture. Delphinium hybrid cv. Bellamosum, carnation 'Barbara' and Tweedia caerulea D. Don were grown in a greenhouse of the National Institute of Floricultural Science. Petals, sepals, leaves, and stems were collected from plants after flowers had fully opened.
Simple and rapid extraction method
Petals, sepals or leaves were cut into pieces (approx. 5 mm squares), whereas stems were cut horizontally with a thickness of approx. 3 mm. The tissue pieces (0.2 g FW) were immersed in 2 mL of 99.5% ethanol in a test tube and heated at 75°C for 20 min. Then, 25 µL of 10% sorbitol solution was gently stirred into each sample as an internal standard. The petal pieces were transferred into a centrifugal filter device (Ultrafree MC, 0.45 µm, Millipore, Medford, MA, USA), and the remaining solution in the test tube was designated A solution. The filter device was subjected to centrifugation at 12000 × g for 10 min, and the filtrate was combined with A solution to make B solution. Then 0.5 mL of 99.5% ethanol was added to the tissue remaining in the filter device, which was then centrifuged a second time at 12000 × g for 10 min. The filtrate was combined with B solution to make C solution. A, B and C solutions were heated at 80°C for 30 min to evaporate to dryness, dissolved in 1 mL of distilled water, and then used for HPLC analysis. The procedure is illustrated in Figure 1 . To determine the remaining carbohydrate content, the petals were transferred to a test tube, homogenized with a homogenizer (Ultra-Turrax T-25, Ika, Germany), and centrifuged at 3000 × g for 5 min. The pellet was then twice re-extracted with 2.5 mL of 80% ethanol and the three supernatants were combined and dried in vacuo below 50°C. The resulting supernatant was evaporated to dryness and dissolved in DW.
Conventional extraction method
The conventional method was conducted as previously described (Ichimura and Hisamatsu, 1999) . Tissue pieces (0.2 g FW) were collected from the same material sources as described above and immersed in 5 mL of 80% ethanol at 75°C for 30 min. After cooling, 50 µL of 50 g·L −1 sorbitol was added to the sample as an internal standard. The sample was then homogenized and centrifuged at 3000 × g for 5 min. The pellet was twice re-extracted with 2.5 mL of 80% ethanol and the three supernatants were combined and dried in vacuo below 50°C. The residue was resolved in 1 mL of distilled water and used for HPLC analysis.
Determination of soluble carbohydrate content
Carbohydrate was separated using an HPLC system (Jasco, Tokyo, Japan) equipped with a refractive index detector on a Shodex SUGAR SP0810 column (Showa Denko, Tokyo, Japan). The column was kept at 80°C and eluted with water at a flow rate of 0.8 mL·min −1 . The identity of each peak was confirmed using authentic carbohydrate. The peak area was determined by an integrator and the amount of each carbohydrate in the sample was calculated as follows:
where WC is the weight of each carbohydrate, WI is the weight of the internal standard (sorbitol), AS/I is the area of the carbohydrate peak relative to that of sorbitol, and RF is the relative response factor.
Statistical analysis
Data were taken from four independent experiments. The mean and standard deviation values were determined. Data were analyzed by t-test and Dunnett's test using Stat View software (v.5.0, SAS Institute Inc., Cary, NC, USA).
Results
Carbohydrate content of rose 'Sonia' petals determined after a three-step extraction process and the conventional method After heating at 75°C for 20 min, the volume of ethanol solution decreased to about 0.5 mL. Glucose, fructose, sucrose, methyl glucoside, xylose and myo-inositol, were all detected in A, B, and C solutions (Fig. 2) . Although a relatively high amount of these carbohydrates was found in A solution, it increased as extraction proceeded. HPLC elution profiles of soluble carbohydrate revealed that carbohydrates in samples from both the new and conventional methods were well separated (Fig. 3 ). Significant differences in the carbohydrate content of C solution and that obtained using the conventional method were not observed, except for myo-inositol (Fig. 2) . Carbohydrate was extracted from the petal residue using the conventional method, after which the amount of each carbohydrate was determined. Compared with solution C, minimal amounts were detected, suggesting that most carbohydrate was extracted by the procedure used to obtain C solution (Fig. 4) . Based on these results, we adopted the same process used to obtain C solution in our subsequent experiments.
Sample stability Carbohydrate samples extracted from rose 'Sonia' petals were stored at −30°C for 1 day or 7 days, after which their carbohydrate content was determined. The carbohydrate content did not change significantly, regardless of the storage duration (Table 1) .
Soluble carbohydrate content in the petals of four rose cultivars Soluble carbohydrates were extracted from 'Chanel', 'New Bridal', 'Rote Rose', and 'Saturn' petals using the new and conventional methods, after which carbohydrate content was determined. For all cultivars, glucose, fructose, sucrose, methyl glucoside, myo-inositol, and xylose were detected in samples obtained by both methods (Table 2 ). Few differences in carbohydrate content were observed between the methods.
Soluble carbohydrate content in the petals of carnations and T. caerulea or sepals of Delphinium flowers Soluble carbohydrate content in the petals or sepals of carnations, Delphinium and T. caerulea flowers was determined after extraction using the new and conventional methods. In carnation petals, glucose, fructose, sucrose, myo-inositol, and pinitol were detected in samples obtained by both methods (Table 3) , and no significant difference in carbohydrate content was observed between the methods. In Delphinium sepals, glucose, fructose, sucrose, and mannitol were detected in samples obtained by both methods, and no significant difference in carbohydrate content was observed between the methods. In T. caerulea petals, glucose, fructose, sucrose, and myo-inositol were detected in samples obtained by both methods, and no significant difference in the carbohydrate content was observed between the methods, except for sucrose and myo-inositol.
Soluble carbohydrate content in the leaves and stems of carnations, Delphinium and roses Soluble carbohydrate content in the leaves and stems of carnations, Delphinium, and roses was determined after extraction using the new and conventional methods. In these plants, no significant difference in carbohydrate content was observed between the methods, except for myo-inositol in leaves and fructose in the stems of roses (Table 4) . 
Discussion
In the present study, soluble carbohydrates could be extracted by immersing petal tissue in hot ethanol solution without homogenization (Figs. 2 and 4) . This suggests that soluble carbohydrate in petal cells can be leached by decomposing cell membranes with hot ethanol; however, carbohydrate content determined using sorbitol, an internal standard, tended to increase as extraction proceeded (Fig. 2) , indicating that an extraction process to obtain C solution is required to acquire appropriate data. We also confirmed that most carbohydrates were extracted by this process (Fig. 4) . In rose petals, glucose, fructose, and sucrose are the major carbohydrate constituents, whereas methyl glucoside, xylose, and myo-inositol are minor sources (Ichimura et al., 1997) . HPLC elution profiles revealed that carbohydrates in samples from the new method were well separated, as observed in those from the conventional method (Fig. 3 ). Few differences in carbohydrate content were observed using the new and conventional methods (Table 2 and Fig. 2 ). It takes less than 90 min from the time of preparing a plant sample until HPLC, versus more than a day using the conventional method. Furthermore, the new method does not require some of the apparatus of the conventional method, such as a centrifugal evaporator and homogenizer. Thus, the new method appears to be a simple and rapid method for the extraction of soluble carbohydrate from rose petals.
In carnations, glucose, fructose, sucrose, pinitol, and myo-inositol are soluble carbohydrate constituents . In Delphinium flowers, in addition to glucose, fructose, and sucrose, mannitol is a major carbohydrate (Ichimura et al., 2000) . Previously, we reported that glucose, fructose, and sucrose are soluble carbohydrates in T. caerulea (Norikoshi et al., 2006) . In the present study, these carbohydrates were also detected in extracts obtained using the new method. In the petals or sepals of these plants, few differences in carbohydrate content were observed between the new and conventional methods (Table 3) . These results suggest that the new method could be used to extract soluble carbohydrate from petals or sepals of many floricultural plants.
No marked differences in soluble carbohydrate content were observed among leaves and stems in roses, carnations or Delphinium, using either the new or conventional method (Table 4 ). This suggests that soluble carbohydrates can be extracted from leaves and stems of these plants by the new method; however, we have not yet confirmed that soluble carbohydrates can be extracted sufficiently from stem and leaf segments larger than those used in the present study. In addition, it remains unclear whether soluble carbohydrates can be extracted sufficiently from other plant materials. Thus, preliminary comparison between the new and conventional methods should be tested when soluble carbohydrates are extracted from such samples.
Previously, we reported an increase in sucrose concentration, and a decrease in glucose and fructose concentrations, with time in fluid obtained from frozen rose petals by centrifugation (Norikoshi et al., 2006) . Since relatively high invertase activity is present in rose petals (Ho and Nichols, 1977) , these changes in sugar concentrations may be the result of invertase activity. In the present study, however, the sugar content of samples stored for 1 week did not change over time (Table 1 ), suggesting that the carbohydrate content remains stable in these samples. This may be due to the inactivation of invertase in the samples by hot ethanol.
Differences in statistical variability were observed among data based on standard deviations (Tables 2, 3 , 4 and Fig. 2 ). Carbohydrate content in petals varies with the developmental stage (Enomoto et al., 2004; Ichimura et al., 1998) and different parts of petals (unpublished result). In the present study, the amounts of organs used for extraction were small and sampling stages were not strictly determined. These sampling procedures could cause relatively large variability in some samples; however, standard deviations were relatively small in some samples, such as rose 'Chanel' petals and Delphinium sepals and leaves (Tables 2, 3 , and 4). In most of these samples, non-significant differences were observed between the methods. Thus, the new method is suitable for determining carbohydrate content precisely from samples having low variability.
There were some differences in carbohydrate content between the new and conventional methods (Tables 2,  3 , 4 and Fig. 2 ). In particular, myo-inositol content was significantly greater with the conventional method than the new method in some results. We found that myoinositol is more hydrophilic than other carbohydrates detected in the present study (unpublished results) . Ethanol solution at 99.5% was used in the new method. Thus, myo-inositol may not sufficiently be extracted by the new method. In addition, there were differences in sucrose content in the petals of T. caerulea and fructose in rose stems. Although carbohydrates were extracted from the same material sources, the samples used for extraction may occasionally have different carbohydrate content, leading to different results.
In the present study, sorbitol was used as an internal standard since we have previously confirmed a lack of sorbitol in all of the flowers used in this study; however, sorbitol occurs in some plants, including apples (Yamaki and Ino, 1992) and Phlox sublata (Enomoto et al., 2004) . In these plants, galactose has been found to be suitable as an internal standard with the HPLC column used in the present study (Enomoto et al., 2004) .
For flower opening, large amounts of soluble carbohydrate are required (Halevy and Mayak, 1979) . Indeed, carbohydrate content in petals increases markedly during flower opening (Bieleski, 1993; Ichimura et al., 1998) . Carbohydrate content in petals was found to vary depending on different parts of petals (unpublished result). To investigate the role of carbohydrate in petals for flower opening in detail, extractions of carbohydrates from many small tissues are required. Since many carbohydrate samples can be rapidly extracted by the new method developed in this study, this method appears to be useful. In addition to petals, this method could be applied to leaves and stems (Table 4) . For many fruits, sugars are the most important determinant of their quality. Soluble carbohydrate also plays a role in stress tolerance, including tolerance to cold (Sasaki et al., 1996) , drought (Keller and Ludlow, 1993) , and salt (Sacher and Staples, 1985) . The new method may be available to investigate the role of carbohydrates from these aspects.
In conclusion, soluble carbohydrates can be extracted by immersing petals in hot ethanol solution without homogenization. Based on this finding, we developed a simple and rapid extraction method of soluble carbohydrates from the petals or sepals of four floricultural plants. This method may be applied to other plant materials.
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